OBJECTIVE -Despite experimental data suggesting a protective effect of peroxisome proliferator-activated receptor-␥ agonists with respect to malignancies, results of available epidemiological studies on the incidence of cancer in rosiglitazone-treated patients are not univocal. The aim of this meta-analysis of randomized clinical trials is to assess the effect of rosiglitazone on the incidence of cancer.
T
wo epidemiological surveys provided discordant results on the effects of rosiglitazone on the incidence of malignancies. One study reported a specific reduction in the incidence of lung cancer (1), whereas another survey suggested an increased risk of malignancies, without providing information on types of cancer (2) .
A hypothetical anticancer effect of thiazolidinediones has been suggested on the basis of their pharmacological profile of action. The antimitotic and prodifferentiating effects of peroxisome proliferator-activated receptor (PPAR)-␥ agonists, which have been described in vitro and in animal models (3) (4) (5) , suggested the possible use of these drugs as anticancer therapy, although the results of preliminary trials were contradictory (6 -10) . On the other hand, the mechanisms underlying a possible mitogenic effect of PPAR-␥ activators have not been identified so far. The aim of the present meta-analysis is to assess the risk of cancer associated with rosiglitazone treatment, compared either with placebo or active hypoglycemic drugs.
RESEARCH DESIGN AND
METHODS -Trials were identified through a search of a Web site of GlaxoSmithKline (GSK) (11) , manufacturer of rosiglitazone, which contains results of all completed trials sponsored by GSK, with a description of all serious adverse events (including those considered not related to study drug), such as incident malignancies. Published trials sponsored by other companies or by academic institutions were retrieved through a Medline search for all randomized controlled trials with rosiglitazone performed in humans with results published in English up to 5 February 2008. For each trial, all fatal and nonfatal serious adverse events in each treatment arm are listed with a brief description. All studies comparing rosiglitazone with placebo or other active drugs, with a duration Ͼ24 weeks, were included in the analysis. Studies of shorter duration were excluded, considering that a brief exposure to a drug is unlikely to have any impact on the incidence of cancer. Occurrences of fatal or nonfatal cancer were extracted from serious adverse events.
After the exclusion of trials with zero events, odds ratios (ORs) and 95% CI, with the Mantel-Haenszel (MH)-OR weighting procedure, were calculated using a random effect model. This procedure was chosen to overcome the limitations of the Peto method (12) (13) (14) , which had been used in a previous metaanalysis on cardiovascular effects of rosiglitazone (15) . In fact, the Peto method overestimates differences between treatments when a large number of small trials, with few events, are included in a metaanalysis (12) (13) (14) . Separate analyses were performed, whenever possible, for trials with different comparators and for those performed in type 2 diabetic or nondiabetic patients, as well as for trials with duration Ն52 weeks. Separate analyses were also performed for the most common individual types of cancer.
Considering that in the largest trial included in the analysis (16) the duration of follow-up in the rosiglitazone arm is longer than in comparators (17), we also calculated the actual incidence density of cancer in different treatment groups using a random effect model, assuming that rates of loss at follow-up, mortality, and incidence of malignancies were constant throughout the duration of each trial; this analysis also included trials with zero events. Furthermore, after determination of effect sizes for individual trials, ratios
between incidence densities were calculated for each trial and combined to obtain a pooled rate ratio. All of the analyses were performed using Comprehensive Meta Analysis (version 2.2.046; Englewood, NJ).
RESULTS -The trial flow is summarized in Fig. 1 CONCLUSIONS -Available data from randomized clinical trials, summarized in the present meta-analysis, do not support the recent hypothesis of an increased risk of cancer associated with rosiglitazone (2). On the contrary, the incidence of malignancies in patients receiving rosiglitazone is not higher than that observed with comparators, although a possible protective effect of the drug, as suggested by previous observations, was not confirmed by the present data (1). In consideration of the fact that metformin treatment is associated with reduced risk of cancer in epidemiological studies (18) , the hypothesis of a protective effect attributable to enhancement of insulin sensitivity and/or reduction of circulating insulin levels should be considered, along with other more direct, PPAR-␥-dependent or -independent effects of the drug (4, 5, 19) . However, the pooled rate ratio did not highlight any effect of rosiglitazone on the risk of cancer. This discrepancy could be due to the fact that the proportion of subjects receiving rosiglitazone and control treatments varies across trials enrolling patients with different characteristics, which may affect the incidence of cancer. It should also be considered that incidence densities and rate ratios reported in the present analysis were obtained on the basis of several problematic assumptions (i.e., that rates of loss at follow-up, mortality, and incidence of malignancies were constant throughout the duration of each trial); these results should therefore be considered with caution. A meta-analysis of rosiglitazone trials based on patientlevel data should be performed to gather more reliable information on this issue.
The gold standard for the assessment of the effects of drug treatments on major outcomes is represented by specifically designed and appropriately sized randomized clinical trials. Unfortunately, in the case of hypoglycemic drugs, such trials are often unavailable. Therefore, metaa n a l y s e s o f e v e n t s o c c u r r i n g i n randomized trials designed with different end points have been used as a surrogate source of information (15) . The limitations of this procedure should be clearly recognized; in particular, the classification of outcomes reported as adverse events and not as predefined end points can be problematic. Notably, most pub- lished trials do not report any information on incident malignancies; cases could be easily identified only in trials reported on the GSK Web site (11), which contains a detailed description of all serious adverse events. Furthermore, the inclusion in a meta-analysis of many small trials with a very low number of events poses challenging problems in statistical analysis (12) (13) (14) . It should also be considered that clinical trials usually enroll relatively young patients with low comorbidity and high compliance, who can be considered to have a low risk for cancer. On the other hand, a trial assessing the effect of a hypoglycemic drug on the incidence of malignancies would be hypothetically very difficult to realize because of the required sample size and duration of follow-up. For this reason, information on this end point can be obtained only through epidemiological studies or meta-analyses of trials designed for other purposes. The epidemiological approach provides the advantage of the possibility of collecting large samples with a long duration of follow-up; however, in observational studies multiple adjustments for confounders can never fully eliminate the prescription bias (i.e., the effect of differences in characteristics of patients on different therapeutic choices). Such a bias could be responsible for the discrepancy between our results and those of a recent cross-sectional survey (2) . The number of events included in the present meta-analysis does not allow a reliable analysis on specific types of cancer. However, our data are consistent with the possibility of specific protection from lung cancer, which has been reported previously in a epidemiological study (1) . Considering that the pathogenesis of different forms of cancer is very heterogeneous, the drug could have divergent effects on different malignancies. Interestingly, no reduction of risk for cancer of the female genital tract was detected in rosiglitazone-treated patients, although the drug is used in the treatment of polycystic ovary syndrome (20), which is a known risk factor for these malignancies (21) . Larger databases are needed to elucidate the risk profile for individual forms of cancer in rosiglitazone-treated patients.
In summary, the use of rosiglitazone appears to be safe with respect to risk of incident malignancies, whereas further studies are needed to confirm a possible protective effect. The incidence of cancer, which can probably be modified by hypoglycemic drugs, deserves to be considered among the relevant outcomes for the choice of treatment for type 2 diabetes. 
